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Introduction. -A review of colour centres in alkaline earth fluorides has been prepared recently [I] . Investigation of the structure of colour centres in these materials has now advanced to a stage where it is possible to begin meaningful studies of mechanisms of radiolysis. The F centre is well categorised in additively coloured crystals [I] . It is stable a t room temperature in the absence of light. The structure of the V, centre and the dynamics of its decay have been studied in detail [ I ] ; this centre in alkaline earth fluorides is stable to about 110 K. The recombination luminescence of the V, centre has also been investigated [I] . The structure of the H centre (a hole trapped at a fluorine interstitial site) is known [I] . The hole is shared between the interstitial ion and a nearest lattice ion giving a ~nolecular axis alined along < 1 1 1 >. This is in contrast with the VK centre which is alined along < 100 >. The H centre is stable in alkaline earth fluorides to about 170 K. It should be emphasized that in alkaline earth fluorides the H centre is more stable than the VK centre, the reverse of the situation in alkali halides.
Irradiation of alkaline earth fluorides with 50 kV X-rays does not produce H centres in readily observable concentration. H centres are produced, however, for the same energy input of I MeV electrons. Because of this difference between efTects of purely ionising and of particle irradiation we shall divide our description of effects of radiolysis into two sections, one dealing with X-rays and the other with electrons.
We shall not consider impurities directly here although the alkaline earth fluorides are known to be quite impure. The role that impurities play in the radiolysis of these crystals remains to be established. Figure I shows the temperature dependence of the production of F centres in crystals of SrF, irradiated for 60 niin. in an optical cryostat using an OEG 60 X-ray tube operating at 50 kV and 40 mA. A pronounced fall in production rate occurs at 34 K and a further fall occurs at 67 K. When The F band produced by X-irradiation in range I shows partly resolved structure ( Fig. 2a) and is quickly destroyed by bleaching with F band light at any temperature down to 4 K. This ready bleaching at 4 K may be a consequence of association of F centres with I centres. The destruction of the F band is accompanied by the same fractional destruction of the V, band. If the crystal is bleached in the low energy wing of the F band with linearly polarized light with the electric vector 8 parallel to [Oll] a readily observable dichroism results as well as an overall intensity reduction (Fig. 2a) . Similar results may be obtained for the F band produced by irradiation in range I1 (Fig. 2b) . The sign of the dichroism in both cases is consistent with preferential destruction of F -I pairs by excitation of electric dipoles oriented close to < 1 I I >. produced by irradiation in stage 111 is not appreciably different from that of stage 11 although it is slightly narrower.
The intensity of the F band produced by irradiation in range 1 does not change greatly with increasing temperature until the onset of V, motion at -110 K (Fig. I) . The moving VK centres interact with F centres leading to the destruction of both and are partly retrapped at impurity sites forming V,, centres.
Heating to -175 K leads to liberation of holes from V,, centres and further destruction of F centres (Fig. 1) . There is no change of sliape of the F band over the entire annealing range of figure 1. The thermal annealing curve for F cenlres produced by irradiation in range I1 is the same as for range I and again there is no change in sliape of the band with increasing temperature. Crystals warmed to room temperature after X-irradiation at low temperatures behave like virgin crystals presumably because of thermallyinduced vacancy-interstitial recombination following conversion of F -1 pairs to F + -I pairs by moving holes.
It is found that if the F band is destroyed by optical bleaching at the temperature of creation a reirradiation for only a few minutes at the same temperature recreates the F band with intensity close to the original value. This holds for ranges I, 11 and I11 and shows that the F+ -1 conlplexes resulting from the bleaching are stable. However, if we take a crystal through the following series of operations, 1) X-irradiate in range 1, 2) optically bleach the F band, 3) raise the temperature for a few minutes to range 11, 4) recool to range I and 5) reirradiate for a few minutes, we find an F band with the shape and intensity that would have been produced if the original irradiation had been carried out in range 11. A similar X-ray bleaching effect is produced if the above series of operations is carried out for ranges I1 and 111. This behaviour is consistent with the suggestion [2] that the ranges I, II and 111 are associated with F -I pairs of increasing separation and that the F band produced by irradiation in range I is a superposition of bands with relative intensities OD,, OD,, and OD,,, (Fig. 1) . Removing the contributions OD,, and ODIl, from the F band created in range I leaves the contribution OD, (Fig. 2c) figure 3 ; there is a corresponding drop (not shown) in the production efficiency of V, centres. The results for CaF, (Fig. 3 ) are in contrast with those of SrF2 (Fig. I ) which show sharp steps in tlie fall of production efficiency. I t appears that colouration in CaF, is not dominated by one close F -1 pair. The radiation-produced F band in CaF, is not as structured as in SrF, and there is little change in shape of the F band produced by irradiation at different temperatures [3]. The optical absorption spectra of CaF, and SrFz after heavy electron irradiation at 77 K shon a n intense absorption of V, centres (presumably superimposed on a weak H band) (see [I] ) and F centres [3] . Warming to 150 K for about 10 min. results in a drop in the intensity of the absorpt~on in the V, and F regions and a growth of a band due to M + centres : this band occurs in CaF, at 552 nm and in SrF, at 658 nm. The conversion of F centres to M + centres is due to moving anion vacancies and it shows that a small fraction of the F centres produced by electron irradiation are well separated from interstitials. The concentration of H centres produced by the electron irradiation is approximately equal to the concentration of M + centres that can be formed.
Whether or not tlie well-separated vacancies and interstitials produced by electron irradiation are due to a knock-on process remains to be established. Experiments using electrons with energies less than 0.5 MeV will be required.
3.
Conclusions. -The F -1 pairs produced by X-irradiation of alkaline earth fluoride crystals at low temperatures are closely spaced and these materials appear to be only on the verge of being colourable by X-rays. The fact that tlie crystals do not colour under X-irradiation at room temper~~turc suggests that tlie potenlials afTecting interstitials in the vacancy-interstitial pairs are of a kind that result predominantly in thermally induced recombination rather than dissociation. Under 1 MeV electron irradiation at low temperatures a slnall fraction of the F -1 pairs are well separated and these give rise to residual colouration on warming to room temperature. The nature of the primary event in the radiolysis of alkaline earth fluorides is not yet known and pulsed experiments [5] on these materials are desirable.
In conclusion we emphasize that further detailed experimental work will be required to determine the influence of impurities on the radiolysis of alkaline earth fluorides.
